ABSTRACT -Background -Dysphagia is described as a complaint in 32% of patients with laryngitis. Objective -The objective of this investigation was to evaluate oral and pharyngeal transit of patients with laryngitis, with the hypothesis that alteration in oral-pharyngeal bolus transit may be involved with dysphagia. Methods -Videofluoroscopic evaluation of the swallowing of liquid, paste and solid boluses was performed in 21 patients with laryngitis, 10 of them with dysphagia, and 21 normal volunteers of the same age and sex. Two swallows of 5 mL liquid bolus, two swallows of 5 mL paste bolus and two swallows of a solid bolus were evaluated in a random sequence. The liquid bolus was 100% liquid barium sulfate and the paste bolus was prepared with 50 mL of liquid barium and 4 g of food thickener (starch and maltodextrin). The solid bolus was a soft 2.2 g cookie coated with liquid barium. Durations of oral preparation, oral transit, pharyngeal transit, pharyngeal clearance, upper esophageal sphincter opening, hyoid movement and oral-pharyngeal transit were measured. All patients performed 24-hour distal esophageal pH evaluation previous to videofluoroscopy.
INTRODUCTION
Laryngopharyngeal reflux of gastric content may cause laryngeal inflammation, with consequent symptoms including hoarseness, throat pain, sensation of a lump in the throat, cough, repetitive throat cleaning, excessive phlegm, dysphagia, odynophagia, heartburn and voice fatigue (1) . There is a well-established association between gastroesophageal reflux disease (GERD) and reflux laryngitis syndrome (2, 3) ; however, laryngitis may also be caused by tobacco, alcoholic beverages, allergies, rhinopharyngeal infections and traumatic lesions (4) .The diagnosis of laryngopharyngeal reflux of gastric content is not easy (3, 5) and treatment includes proton pump inhibitors, which may or may not improve the symptoms (6, 7) . Dysphagia is present in patients with GERD and in patients with laryngitis (1, 6, 8) . In patients with GERD, the symptom may be related to ineffective esophageal motility and also individual sensitivity (2, 6, 9) . Pharyngeal phase of swallowing may be impaired, with slower bolus transit through the mouth, pharynx and upper esophageal sphincter (10, 11) . In laryngitis, a possible cause of pharyngeal dysphagia is laryngeal inflammation.
Our objective in this investigation was to evaluate oral and pharyngeal bolus transit time in patients with laryngitis, regardless of its cause. Our hypothesis was that bolus transit time through mouth and pharynx of patients with laryngitis had a different duration than in normal volunteers.
METHODS
We evaluated by videofluoroscopy the oral and pharyngeal phases of swallowing in 21 patients with laryngitis and 21 healthy
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Isabela MODA, Hilton Marcos Alves RICZ, Lilian Neto AGUIAR-RICZ and Roberto Oliveira DANTAS controls. Both groups were similar with respect to sex distribution (14 women and 7 men), and age (mean 50 years, 35-65 years). The control volunteers did not report symptoms, had no chronic or acute diseases, movement limitations, eating restrictions, no previous use of tobacco, alcoholic beverages, no history of allergies, rhinopharyngeal infections and traumatic lesions. Patients with laryngitis came to the hospital with voice and/or throat complains. They also had no history of use of tobacco, alcoholic beverages, allergies, rhinopharyngeal infections and traumatic lesions. They were submitted to laryngoscopic examination, which found laryngeal lesions; the most frequent were hyperemia and posterior laryngeal edema, hyperemia and edema of vocal folds, and pachydermia laryngitis (TABLE 1) . The most frequent complaints were respiratory and upper digestive symptoms, hoarseness, and constant throat clearing (TABLE 2) . Dysphagia was a complaint in ten patients (47.6%), five of them with odinophagia. They were untreated on test days.
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dx.doi.org/10.1590/S0004-2803.201800000-10 Before videofluoroscopy all patients were submitted to a 24-hour esophageal pH test for detection of acid gastroesophageal reflux. The pH sensor was positioned 5 cm above the manometrically determined lower esophageal sphincter. Acid gastroesophageal reflux was considered excessive when the percentage of time of distal esophageal exposure to pH below 4 was greater than 4.5% of the measurement period, in addition to a DeMeester score greater than 14.7 (12) . Videofluoroscopic evaluation of swallowing was performed with Arcomax angiograph system (Phillips, model BV 300, Veenpluis, The Netherlands). The examination was performed in the lateral position with patients and volunteers seated on a chair. Images were recorded at 30 frames/second and stored for posterior analysis.
Two swallows of 5 mL liquid bolus, two swallows of 5 mL paste bolus and two swallows of a solid bolus were evaluated in random sequence. The liquid bolus was 100% liquid barium sulfate and the paste bolus was prepared with 50 mL of liquid barium and 4 g of food thickener (starch and maltodextrin). The liquid bolus consistency was classified as level 3 (moderately thick) and the paste bolus as level 4 (extremely thick) in the IDDSI flow test proposed by the International Dysphagia Diet Standardization Initiative (IDDSI) (13) . The liquid was given to the subjects by graduated syringe and the paste bolus by spoon. The solid bolus was a soft 2.2 g cookie coated with liquid barium, which needed to be chewed before swallowing, and classified as level 6 in the category of transitional foods of the IDDSI classification (13) . The following time parameters were assessed: (1) time the complete bolus volume was inside the mouth; (2) onset of the propulsive movement of the tongue tip at the maxillary incisors; (3) passage of the bolus head through the tongue base; (4) Statistical analysis was performed by a linear model with mixed effects (random and fixed effects), in which the responses of the same subject were grouped and the assumption of independence between observations within the same group was not appropriate (14) . The results are shown, in milliseconds (ms), as mean and 95% confidence interval (95% CI). The differences were considered significant when P≤0.05.
RESULTS
The 24-hour esophageal pH test revealed that 10 patients had abnormal exposure of distal esophagus to acid reflux. The mean duration of distal esophageal exposure to pH below 4 was 11.3% (7.6%-28.1%) of measurement time, and mean DeMeester score was 41.5% (19.3-102.1). In 11 patients, time duration of acid exposure was below 4.5% of the measurement time.
Premature posterior spillage was more frequent in patients than in controls, for liquid (52.4% of patients and 9.5% of controls, P=0.006), and paste (71.4% of patients and 9.5% of controls, P=0.001) bolus. No statistical significance was found between the groups for solid (61.9% of patients and 33.3% of controls, P=0.122).
There was no difference in oral (OTT) or pharyngeal transit time (PTT) of liquid bolus between patients and controls (TA-BLE 3). Oral preparation for paste bolus was longer in patients FIGURE 2) . PTT, PCT, UESO, HM and OPTT were not different between patients and controls for none of the three bolus swallowed.
In patients with dysphagia (n=10) and without dysphagia (n=11) oral preparation for the paste bolus was longer than in controls. The difference was also observed in patients with dysphagia for solid bolus (P<0.050, FIGURE 3A). Duration of oral transit in patients with dysphagia was shorter for liquid (controls: 730 ms; patients: 472 ms), paste (controls: 974 ms; patients: 464 ms) and solid (controls: 933 ms; patients: 397 ms) boluses than in controls (P<0.050, FIGURE 3B). There was no difference in oral or pharyngeal transit time between individuals with increased esophageal acid exposure and individuals without this alteration (P>0.350). 
DISCUSSION
It was observed that patients with laryngitis have longer OPT for the paste bolus and a faster OTT for the solid bolus than controls. There was no difference between the groups for swallowing parameters of liquid bolus. In addition, patients with dysphagia have a faster OTT with liquid, paste and solid bolus than healthy volunteers.
Dysphagia, commonly associated with GERD (8) , is a frequent complaint in patients with laryngitis, described in 32% of patients in a previous study (15) and in 47.6% of patients in this investigation. The longer oral preparation and faster oral bolus transit may be caused by altered coordination of pharyngeal-esophageal phase rather than alteration of the oral swallowing phase, considering these patients have higher sensitivity to reflux episodes, mainly in the proximal esophagus, than people without GERD (16) (17) (18) . Also, the oral phase of swallowing is a voluntary stage, which allows the individuals to control it as desired. There is an interaction between the pharynx and the esophagus, and abnormalities in such coordination may result in esophageal symptoms or disease that affect both oral and pharyngeal phases of swallowing (19, 20) . In this context, the longer oral preparation may be the cause of the more frequent premature spillage seen in the patients. Important to consider the possibility that pain during swallowing (odynophagia) causes longer oral bolus preparation and faster oral transit. The number of patients with odynophagia (five) was not enough to reach any conclusion about the influence of pain on swallow dynamics. However, make sense the possibility that pain during swallows as the cause of alterations of oral dynamics of patients with dysphagia.
In our study it is impossible to say that the patients had supraesophageal manifestations of GERD. The diagnosis of GERD as the cause of pharyngeal manifestations of reflux is not easy (3, 5, 21) , and there is no strong evidence that a positive response to treatment with proton bomb inhibitors means that the laryngitis was caused by GERD (22) . A previous study described that patients with GERD had a longer transit through the mouth, pharynx and upper esophageal sphincter (10) which could be an adaptive mechanism to prevent GERD-related esophageal symptoms and protect the esophageal body from the ongoing bolus. In our study, although the patients with laryngitis showed a faster OTT, no changes in PTT was observed, which may be an attempt to minimize symptoms during the pharyngeal passage of the bolus.
The longer oral preparation may cause the more frequent premature bolus spillage seen in patients, which may be the cause of the faster oral transit, an interaction between the oral and pharyngeal phases of swallowing (19, 20, 23) . Our results, together with those reported by studies investigating swallowing dynamics in patients without neurologic diseases or anatomic alterations of mouth or pharynx (24, 25) , indicate that in cases when only changes in pharyngeal or in esophageal mucosa are seen, there is no important clinical alterations in the oral or pharyngeal phases of swallowing. Although dysphagia may be associated with neurologic impairment and anatomic diseases that can affect these swallowing stages, the symptom may also result from esophageal hypersensitivity and/or hypervigilance, without any alteration in the oral, pharyngeal or esophageal transit (9, 26) . In patients with non-erosive GERD, proximal and distal esophageal mucosa have more superficial afferent nerves compared with no reflux disease or patients with erosive disease and patients with Barrett esophagus (27) . Patients with extra esophageal manifestations of gastroesophageal reflux frequently have non-erosive disease in esophagus (15) , with the possibility to have more superficial afferent nerves and hypersensitivity in proximal esophageal body, explaining the possibility of dysphagia in these patients. This hypothesis needs more advanced investigation with methodology that permits a clear characterization of supra esophageal reflux of gastric content and association with symptoms. Chronic laryngitis is a disease with heterogeneous causes, with GERD as one cause or an aggravating factor (7) . The limitation of this investigation was that it was not possible to distinguish laryngitis caused by GERD from other causes, since the influence of different causes on swallowing may not be the same. However, patients did not have clinical history which suggested other cause for laryngitis. In addition, the controls did not have a nasofibroscopic evaluation, and it is known that even in supposedly normal individuals changes in the hypopharynx associated with GERD may be found (28) . None of the control volunteers reported any complaints suggestive of GERD.
In conclusion, patients with laryngitis have a longer oral preparation before swallows of the paste bolus and a faster transit of a solid bolus through the mouth compared to healthy subjects. A longer oral preparation for paste and solid boluses, a faster transit through the mouth, and perhaps pain during swallows, are associated with dysphagia in patients with laryngitis.
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